Hydroxychloroquine (HCQ; Plaquenil) is used increasingly in the management of a variety of autoimmune disorders, with well established roles in dermatology and rheumatology and emerging roles in oncology. Hydroxychloroquine has demonstrated a survival benefit in patients with systemic lupus erythematosus; some clinicians advocate its use in all such patients. However, Hydroxychloroquine and chloroquine (CQ) have been associated with irreversible visual loss due to retinal toxicity. Hydroxychloroquine retinal toxicity is far more common than previously considered; an overall prevalence of 7.5% was identified in patients taking HCQ for greater than 5 years, rising to almost 20% after 20 years of treatment. This review aims to provide an update on HCQ/CQ retinopathy. We summarise emerging treatment indications and evidence of efficacy in systemic disease, risk factors for retinopathy, prevalence among HCQ users, diagnostic tests, and management of HCQ retinopathy. We highlight emerging risk factors such as tamoxifen use, and new guidance on safe dosing, reversing the previous recommendation to use ideal body weight, rather than actual body weight. We summarise uncertainties and the recommendations made by existing HCQ screening programmes. Asian patients with HCQ retinopathy may demonstrate an extramacular or pericentral pattern of disease; visual field testing and retinal imaging should include a wider field for screening in this group. HCQ is generally safe and effective for the treatment of systemic disease but because of the risk of HCQ retinal toxicity, modern screening methods and ideal dosing should be implemented. Guidelines regarding optimal dosing and screening regarding HCQ need to be more widely disseminated.
Introduction
Hydroxychloroquine (HCQ: trade name, Plaquenil) and chloroquine (CQ: trade name, Aralen) are drugs established in the treatment of autoimmune disease and skin disorders, but are also emerging as a treatment option in oncology and paediatric inflammatory disorders. The expanding indications for HCQ, adjunctive use with biologic drugs and other disease modifying therapies, its role in the maintenance of disease remission, and favourable systemic safety profile during long-term use, predict a large and growing patient cohort on long-term HCQ therapy in developed nations. It is crucial therefore that Ophthalmologists are aware of the indications for HCQ, identify risk factors for disease, request appropriate tests and know how to interpret them. The appropriate delivery of screening in accordance with a nationally agreed consensus recommendation is likely to minimize the risk of irreversible visual loss in this patient group.
Indications for HCQ
Chloroquine was developed in 1939, and through additional of an hydroxyl group, its analogue, HCQ was developed soon after and has been used since the 1960s. 1 Chloroquine was originally developed and used to treat malaria. For this clinical indication, higher doses of chloroquine were used over a shorter period. Since then the use of chloroquine in the treatment of falciparum malaria has declined on account of widespread chloroquine resistance. HCQ was found to be less toxic and more effective than chloroquine. Hydroxychloroquine is now commonly used in a range of disorders (Table 1) , most commonly non-organ specific autoimmune diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis, and mixed connective tissue disorders. [2] [3] [4] HCQ may be used as a primary treatment for such disorders, or as an adjunctive therapy to reduce the required doses of other potentially more toxic drugs, such as biologic therapies.
HCQ modulates immune responses through several mechanisms. HCQ inhibits toll-like receptors 7 and 9 in dendritic cells, inhibiting interferon-alpha production. 5 HCQ has been shown to counteract the effect of extracellular oxidants from neutrophils, without reducing neutrophil cell counts, 6 and disrupts the T-cell receptor dependent calcium signalling within T cells and thereby, antigen processing. 7 HCQ also preferentially induces apoptosis of a subset of effector T cells by inhibiting autophagy: a mechanism that is being explored through use of high dose HCQ in oncology trials. 8 HCQ increases the pH within intracellular vacuoles and interferes with lysosomal function, affecting the processing of antigenic peptides required to trigger autoimmune responses. 9 The use of HCQ in patients with SLE is becoming more common. One study found that up to 50% of patients with SLE were prescribed HCQ, and this rate increased up to 90% in tertiary centres. 10 Positive predictors of HCQ treatment in SLE were black race, haemodialysis, and being under the care of a rheumatologist; negative predictors were male gender and older age (over 45 years). 11 It is likely that the use of HCQ in SLE will increase significantly following publication of the LUMINA study, which demonstrated a clear survival benefit of HCQ therapy in patients with SLE. [2] [3] [4] The indications for HCQ use are expanding: it is increasingly used in photosensitive dermatological disorders such as discoid lupus and porphyria cutanea tarda. 12, 13 Experience with HCQ, and its favourable safety profile has encouraged its use in paediatric inflammatory disorders, such as juvenile idiopathic arthritis, discoid lupus, and SLE. 12 It is used occasionally in paediatric interstitial lung disease as an unlicensed treatment. 14 HCQ inhibits autophagy, a property that may reduce resistance to chemotherapeutic agents in oncology. 15, 16 At least five phase 1 clinical trials have been undertaken which combine high dose HCQ (800-2000 mg daily) in combination with erlotinib, 17 vorinostat, 18 temsirolimus, 19 temozolamide, 20 or bortezomib 21 to determine whether autophagy inhibition is a useful strategy to overcome chemotherapeutic resistance. 16 The use of HCQ is increasing due to: a growing list of clinical indications, increasing confidence amongst physicians to start treatment, few systemic adverse effects necessitating treatment cessation and adjunctive use in conjunction with a range of primary therapies (such as biologic agents). The LUMINA study is likely to significantly increase the number of individuals with SLE taking long-term HCQ. After 5 years, these patients will require screening. 2, [22] [23] [24] [25] Regardless of the threshold at which screening is advocated, the number of patients 89 Dermatological disorders 8 Porphyria cutanea tarda (unlicensed use) Discoid lupus Cutaneous sarcoidosis 90 Granuloma annulare 8 Lichen planus (erosive) 92 Cutaneous pseudolymphoma 93 Oncology 10 * Graft versus host disease (prophylaxis of acute disease) 94 Non-small cell lung cancer 12 Chronic lymphocytic leukaemia (B-cell) 95, 96 Adjuvant use as inhibitor of autophagy 10, [14] [15] [16] 97, 98 *Hydroxychloroquine is often used in higher doses in oncology (800-2000mg daily may be used for short courses)
Paediatrics
Interstitial lung disease in children (unlicensed use) 9 Systemic Lupus Erythematosus Discoid lupus referred for ophthalmological evaluation will inevitably increase, as will the numbers of patients developing HCQ retinopathy.
Contraindications to HCQ
There are relatively few contraindications to HCQ. The manufacturer lists them as follows: known hypersensitivity to 4-aminoquinolone compounds, pre-existing maculopathy, and pregnancy. 12 The use of HCQ in pregnancy is controversial; although HCQ is known to cross the placenta, it has been associated with improved outcomes for mother and child in the context of maternal SLE. 26 A cohort study demonstrated reduced neonatal morbidity in mothers with SLE by reducing the rate of prematurity and intrauterine growth restriction. 27 This has led to the recommendation by some authors that HCQ be continued during pregnancy and lactation, although it is unlicensed in this context. 5 
Dosing
HCQ is available in 200 or 400 mg film-coated tablets. The manufacturer, 12 and previous best practice clinical guidelines, 22, 24 have traditionally suggested dosing based on ideal body weight (IBW), rather than actual body weight (ABW), to reduce the risk of retinal toxicity. The maximum dose of HCQ of o6.5 mg/kg of IBW per day (mg/kg of IBW/day) has traditionally been considered as safe for most adults. However, recent evidence suggests that dosing based on ABW is more predictive of toxicity and is more accurate over a broad range of body habitus. 25, 28 Melles and co-authors 28 suggested that 5.0 mg/kg of ABW/day corresponded approximately to a dose of 6.5 mg/kg of IBW/day because of the average body habitus of their study population. This change in prescribing recommendation for HCQ may be more practical in rheumatology clinics, as it has been shown that calculating dose of HCQ based on IBW is not undertaken on the majority of HCQ patients (Worth et al, 2016 -unpublished data). Very thin patients are at risk of receiving a higher than the recommended dose of HCQ if IBW is used (at dose of 6.5 mg/kg of IBW/day), and obese individuals or those of short stature, in particular, are at risk of retinal toxicity if ABW is used (at dose of 6.5 mg/kg of ABW/day). 24 The subsequent dose will either be 200 or 400 mg per day. Paediatric patients with an IBW of o31 kg cannot take HCQ as the 200 mg tablet will exceed 6.5 mg/kg of IBW/day, and a safe dose cannot be prescribed. 12 The 2016 AAO guidelines do not suggest changing the dose of HCQ for children, and this should continue to be calculated based on IBW. 25 Serum levels of HCQ can be measured in patients with known hepatic or renal failure, where the levels of HCQ are more difficult to predict based on ABW or IBW calculations alone. The drug dose can then be adjusted accordingly. 12 
Systemic toxicity
The manufacturer lists reported adverse events attributed to HCQ therapy. 12 They suggest caution in patients with known hepatic or renal dysfunction, or drugs known to compromise function of these organs. HCQ has been reported to cause severe hypoglycaemia in patients with diabetes taking hypoglycaemic drugs, and rarely, bone marrow suppression or skeletal muscle weakness 12 There have been reports of fulminant hepatic failure in patients with no pre-existing liver disease soon after the initiation of HCQ treatment. 29, 30 It is considered that o1% of patients taking conventional doses of HCQ suffer elevation of liver enzymes on serum evaluation, and taken together, these reported cases are considered to represent idiosyncratic drug reactions. 29 
Efficacy of HCQ in systemic disease
HCQ has been demonstrated to reduce the risk of diabetes, thrombosis and dyslipidaemia in patients with SLE 5 , and demonstrates a protective effect on renal function in lupus nephritis. 3, 5 A landmark clinical study in the United States (LUMINA) identified a survival benefit with HCQ in patients with SLE, perhaps due to a combination of these effects. 2 Some clinicians now advocate its use in all patients with SLE. 5 Its use has been demonstrated to reduce the risk of thrombosis in patients with anti-phospholipid antibodies. 31 The clinical evidence for HCQ therapy across all listed indications is referenced in Table 1 .
Duration of therapy
The duration of HCQ therapy for most rheumatic diseases is not clearly defined. The general principles of managing rheumatoid arthritis are to achieve disease control as rapidly as possible, usually with combinations of different disease modifying agents, often including HCQ. Subsequently, once patients achieve remission, the aim is to minimise drug doses where feasible, but this is usually applied to reducing doses of the more potent and potentially more toxic anti-rheumatic drug therapy, rather than changing the dose of HCQ. In a recent study, the use of long-term triple therapy of HCQ, sulfasalazine and methotrexate was compared with use of a biologic agent in combination with methotrexate and showed the advantages of using a biologic drug in combination; no significant toxicity from the use of HCQ in 1160 patients was reported. 32 A large Cochrane review supports the role of triple disease modifying anti-rheumatic therapy (including HCQ) in the management of rheumatoid arthritis. 33 A large Finnish study of combination therapy including HCQ has reported effective control of rheumatoid arthritis without any significant increase in drug toxicity over an 11-year period comparing monotherapy with combination therapy. 34 The implication from these studies and in clinical practice is that rheumatologists favour long-term use of combination therapy for disease control in rheumatoid arthritis.
HCQ retinopathy

Mechanism of retinal toxicity
The mechanism of HCQ related retinal toxicity is uncertain. One recent study identified that both chloroquine and HCQ strongly inhibit the uptake activity of an organic anion transporting polypeptide 1A2 (OATP1A2), expressed in human retinal pigment epithelium (RPE) cells, which is involved in the recycling of all-trans-retinol, suggesting a possible effect of HCQ on the visual cycle. HCQ markedly inhibited the uptake of all-trans-retinol in human embryonic kidney cells (HEK293) and primary human RPE cells. 35 Increased permeability of the RPE in response to HCQ was also demonstrated in vitro. 36 An evaluation of ocular tissues after long term administration of chloroquine in rhesus monkeys revealed widespread binding of chloroquine in pigmented ocular tissues: the RPE, iris, choroid and ciliary body with eventual accumulation observed in the retina. 37 Drug accumulation within the RPE may explain the progression of HCQ retinopathy after drug cessation in some patients. This may result in outer retinal and photoreceptor degeneration with later, secondary degeneration of the RPE. It is currently unclear why the photoreceptors in the parafovea/ perifovea are most vulnerable to the toxic effects of HCQ seen clinically.
An alternative explanation is that the primary site of toxicity in HCQ/CQ retinopathy is the photoreceptor layer with secondary degeneration of the RPE. 38 Spectral domain optical coherence tomography (OCT) data suggest degeneration in HCQ retinopathy is localised to the outer retina/photoreceptor layer, 39 before any structural RPE damage is apparent. This is a finding seen in experimental studies of HCQ/CQ retinopathy. 37 HCQ is known to affect the pH and function of lysosomes, and it may be that phagocytosis of outer segments of photoreceptors, lysosomal function with the RPE and autophagy are impaired within the RPE, affecting photoreceptor cell membrane stability and, ultimately, function. Further work is required to establish the exact sequence of events in HCQ retinal toxicity.
Risk factors
The risk factors detailed below are recognised to increase the risk of HCQ retinopathy. The sum of risk factors can provide an estimation of risk for a given individual. 40 Some risk factors are preventable: the most important of these is appropriate drug dosing of HCQ, especially CQ. 40 The American Academy of Ophthalmology (AAO) in their 2016 recommendations defined 'major risk factors' on the basis of new data from a landmark epidemiological study of 2361 patients who had used HCQ continuously for greater than 5 years. 28 The overall prevalence of HCQ retinopathy in this study was 7.5%, but increased to around 20% after 20 years of therapy. 28 25 
Duration of HCQ use
The Royal College of Ophthalmologists (RCOphth) joint guidelines from 2009 suggest referral to an Ophthalmologist for patients who have received continuous HCQ therapy for more than 5 years. 22 It is made clear in the AAO guidelines (2011 and 2016) , that the screening schedule should begin after 5 years of HCQ/CQ therapy, and that it is a 'major risk factor' that increases the risk of retinal toxicity. 24, 25 The AAO guidelines also state that screening may begin before 5 years of therapy if additional risk factors are present (renal failure, tamoxifen use, etc). The manufacturers of HCQ do not specify a duration of drug use after which ophthalmological evaluation should be sought. 12 Table 2 details the differences in screening recommendations and risk factors for HCQ/CQ retinopathy.
Daily dose of HCQ
HCQ has been traditionally prescribed at doses below 6.5 mg/kg of IBW/day (below 3.0 mg/kg IBW/day for CQ), calculated from IBW using the patient's height and one of a number of specific algorithms. 41 Dosing by IBW may be a source of uncertainty amongst clinicians, and has led to many patients receiving a dose in excess of the correctly optimised value. 42 In a retrospective review of 675 patients on HCQ, Walvick and co-authors identified that 56% of females and 46% of males were receiving higher than the recommended dose of HCQ. 42 This may be related to the fact that 88.5% of patients using HCQ had a body weight in excess of their IBW in the largest series of 3995 patients, and 53.6% of patients were taking a HCQ dose greater than 6.5 mg/kg IBW/day. 43 
Table 2
Comparison of screening guidelines for HCQ/CQ retinopathy In an audit performed locally of HCQ dosing, we identified that 10% of patients were taking a dose of HCQ in excess of the recommended dose based on ABW, and 30% were being overdosed based on IBW (unpublished data).
However it is now accepted that ABW is the best method rather than IBW and this is largely based on the influential epidemiological study of HCQ retinopathy undertaken by Melles and Marmor, who determined that ABW is a better predictor of retinal toxicity than IBW. 28 Since patients were typically 25-30% heavier than their IBW; 6.5 mg/kg of IBW/day translates to~5.0 mg/kg ABW/day, which the authors defined as the threshold between judicious and excessive HCQ use. The sensitivity and specificity of ABW was greater than IBW in predicting toxicity, and the size of the study permitted risk stratification based on dose of HCQ/ kg ABW/day: the risk of HCQ retinopathy is 2-3 times higher with doses of 5.0 compared with 4.0 mg/kg ABW/day. Dosing based on ABW rather than IBW has now become the recommended means of calculating the safe dose of HCQ as per the recent AAO guidelines 2016. 25 Ophthalmologists and rheumatologists should be aware of this important change in best practice for drug dosing. Dosing by ABW is more practical and eliminates the need to measure patient height and select an appropriate formula in order to calculate the IBW. It is likely that dosing by ABW will gain popularity amongst screening guideline variations worldwide, given this data, although care must still be taken when prescribing HCQ/ CQ for patients at extremes of height and weight: short or obese individuals are at most risk of being prescribed a higher than recommended dose. 24, 41, 42 Cumulative dose of HCQ Cumulative dose has traditionally been used in research studies as a risk factor for HCQ/CQ retinopathy, and is therefore considered separately here. The 2011 AAO guidelines stated that a cumulative dose of 41000 g increases the risk of retinopathy (equating to 6.85 years of treatment at 400 mg, and 13.7 years of treatment at 200 mg). 24 However, the conclusions drawn on the significance of the cumulative dose are inconsistent. It was omitted entirely from the pivotal epidemiological study by Melles and Marmor, and was consequently omitted as a major risk factor in the recent 2016 AAO guidelines, which are based heavily on this study. 25 It may be argued that defining greater than 1,000 grams of cumulative HCQ dose as high risk does not add to these guidelines, as a patient taking greater than 1,000 grams of HCQ will have been treated for longer than 5 years in any case unless the traditionally accepted maximum daily dose of HCQ (o6.5 mg/kg of IBW/day) is exceeded. AAO screening guidelines from 2016, 25 AAO guidelines screening guidelines from 2011, 24 Royal College of Ophthalmologists joint guidelines (2009), 22 and those from the manufacturer, Sanofi (2014) 12 are summarized. [99] [100] [101] [102] [103] [104] [105] [106] 
Ocular
The manufacturers of HCQ suggest that pre-existing maculopathy is a contraindication to treatment, 12 and the AAO criteria state it as a risk factor for the development of HCQ retinopathy. 24, 25 There are no specific data to demonstrate that patients with pre-existing macular disease are more susceptible to HCQ retinopathy, although subtle parafoveal structural and functional abnormalities secondary to HCQ may be difficult or impossible to detect with SD-OCT, AF or mfERG in the context of pre-existing macular disease. Macular disorders should be identified at baseline by Ophthalmologists as part of AAO (2011) guidelines 24 and baseline examination within the first year of treatment is advised in the 2016 guidelines. 25 This will only be identified, according to RCOphth joint guidelines (2009) if the patient has visual symptoms at baseline and is then encouraged to see an Optometrist to determine whether the macula is affected, with an onward referral to an ophthalmologist if so. 22 The authors of RCOphth joint guidelines advocate Amsler's screening from Rheumatology clinics by the prescribing physician. 22 Interestingly this has been omitted from the more recently published AAO guidelines (2011 and 2016). 24, 25 Isolated drusen with good photoreceptor function should not be considered a contraindication to HCQ treatment: a baseline SD-OCT, and AF imaging with a visual field test should be carried out in this context. 25 
Systemic
Age
Age was excluded as an independent 'major risk factor' in the AAO revised guidelines, 2016, 25 although it was considered a major risk factor the 2011 AAO guidelines. 40 Several reports have documented HCQ retinopathy occurring in elderly individuals despite a dosing regimen within the therapeutic guidelines. 44 One study of 32 individuals taking HCQ found that electroretinography was able to detect changes over the course of treatment in elderly patients (over 65 years), not present in younger patients. 45 Maculopathy, and deteriorating renal function may be associated with increasing age; both considered major risk factors in isolation.
Renal failure
HCQ is renally excreted and consequently renal impairment is likely to increase the circulating concentration of the drug and risk of toxicity. In a large study evaluating the systemic factors that determine serum concentration of HCQ, renal failure was associated with a significantly higher serum HCQ concentration. 46 Melles and Marmor were the first to quantify the risk of HCQ retinopathy by the degree of renal failure (using glomerular filtration rate: GFR): a 50% decline in the GFR was associated with a doubling of the rate of HCQ retinopathy (odds ratio (OR): 2.08). 28 28 Tamoxifen use is mentioned specifically as a 'major risk factor' for HCQ retinopathy in the recent revised AAO guidelines, 2016. 25 Tamoxifen is often used for up to 10 years or more following the diagnosis of oestrogen receptor positive breast cancer, and licensed for the prevention of breast cancer in women considered high risk. Crystalline retinopathy, macular oedema, pigmentary retinopathy, and reversible corneal changes have been described in patients taking tamoxifen. 47 The mechanism of retinal toxicity of tamoxifen is uncertain. One study evaluated the effect of tamoxifen on cultured RPE cells, finding lysosomal destabilization and cathepsin release prior to regulated cell death in cultured RPE cells. 48 A further study identified a profound decrease in the activity of lysosomal enzymes in cultured RPE cells with both tamoxifen and CQ. 49 These drugs in combination may act synergistically therefore to further adversely affect the phagocytosis of the retinal outer segments as a common disease mechanism.
High dose HCQ in oncology trials
HCQ is often used at higher doses than is typical in inflammatory disease in oncology trials (800-2000 mg daily), 16 albeit in short courses with an intermittent dosing schedule. Rapid onset toxic retinopathy has been reported in two out of seven patients being treated with erlotinib and high dose HCQ (1000 mg daily) for nonsmall cell lung cancer. 50 The affected patients developed HCQ retinopathy at 11 and 17 months of exposure and were detected by screening in the pre-symptomatic stage of disease. 50 In a series of 12 patients who underwent HCQ therapy (800 mg/day) for chronic Graft versus Host disease, three developed retinal toxicity with scotomata on Amsler's grid, central visual field testing (10-2) and mfERG. Median duration of treatment in this series was 22.8 months, and median adjusted daily dose was 11.5 mg/kg/day. This small series suggests a potential increased incidence of HCQ retinopathy in the context of pre-existing graft-versus-host disease and earlier development of retinal toxicity. 51 Graft-versus-host disease has itself been associated with a microvascular retinopathy, and this observation of suggested HCQ toxicity in this series should be interpreted in this context. 52 
Pharmacogenomics
As a bull's eye maculopathy phenotype is also described in inherited retinal degeneration, it could be possible that genetic variants in gene(s) involved in retinal function or structure could be contributing to the phenotype rather than HCQ, or HCQ might be potentiating the effects of an underlying genetically determined disorder. This could explain the apparent idiosyncratic retinal reaction of patients presenting with retinal toxicity. The bull's eye maculopathy phenotype has been described in association with ABCA4 pathogenic variants. Shroyer et al 53 carried out mutational analysis of the ABCA4 gene in 8 patients taking HCQ. Five patients were found to have variants in this gene. Interestingly a different study reported a protective effect in association with 3 common ABCA4 variants and reported that they appeared to reduce susceptibility to HCQ/CQ maculopathy. 54 This finding, in combination with the discovery of ABCA4 gene mutations in the majority of patients with HCQ/CQ retinopathy in a single series could mean variants in this gene may have a modifier role. 53 However ABCA4 polymorphisms/variants are common 55 and their relevance to HCQ toxicity is not yet proven. A large study would be required to investigate this further.
Of course, if there are unusual features present, such as the presence of flecks as seen in some ABCA4 retinopathies, 56 or any other features suggestive of an inherited retinal dystrophy genetic analysis should be considered. 53, 57 In the future, pharmacogenomics may well play an important role in increasing the safety of HCQ treatment by excluding those genetically predisposed to macular toxicity.
Epidemiology
Studies evaluating the incidence of HCQ/CQ retinopathy are typically retrospective, cohort studies of populations of patients taking HCQ in a single centre, or registry data from multiple centres. 58 Cross comparison of the incidence of HCQ retinopathy in different study populations is problematic; definitions of HCQ retinopathy and techniques used to identify retinopathy vary and susceptibility to HCQ retinopathy may also differ between study populations.
Older studies are thought to have underestimated the prevalence of HCQ retinopathy as cases were usually detected when apparent on fundus examination and included those on short-term HCQ/CQ treatment who are at low risk of disease. New diagnostic tools and improved recognition of abnormal results has permitted more sensitive detection of retinopathy before fundus abnormalities become manifest. 28 Melles and Marmor published the most influential epidemiological study of HCQ retinopathy in 2014 28 and the AAO produced updated guidance on HCQ screening as a result of this study in 2016. 25 Their case-control study identified a study population of 3.4 million individuals, with 2361 patients who had taken HCQ for more than 5 years, and were evaluated by SD-OCT and visual field testing. A large study population permitted detailed analysis of risk factors with sub-group analysis (such as risk of retinopathy in different ranges of doses by weight). The overall prevalence of HCQ retinopathy was 7.5%, but this increased to around 20% after 20 years of use for those taking 4.0-5.0 mg/kg ABW/day and can exceed 50% at 20 years for those taking greater than 5.0 mg/kg ABW/day. Odds ratios were attributed to risk factors: daily dose (OR: 5.67), duration of use (OR: 3.22), kidney disease (OR: 2.06) and tamoxifen use (OR: 4.59). These data have led to an evidence-based update of the AAO HCQ guidelines, and thus promoted the safe prescribing and screening of HCQ retinopathy by allowing a risk calculation for each patient according to daily dose, duration of therapy and other major risk factors. 28 These estimates are helpful for Rheumatologists, Ophthalmologists and patients. Providing an evidencebased argument for dosing according to ABW rather than IBW is one of the key outcomes of this study adopted by the AAO guidelines. 28 
Clinical features
HCQ and chloroquine retinopathies, once symptomatic, are characterised by abnormalities of the retinal pigment epithelium, which are detectable clinically, and may later develop into the classic appearance of 'bull's eye maculopathy' with central potentially extensive, concentric, parafoveal retinal pigment epithelial loss. This clinical state is associated with severe and irreversible visual loss that may be complicated by secondary cystoid macular oedema, epiretinal membrane and other sequalae. 59 Screening for HCQ/CQ retinopathy may detect structural or functional changes in the macula prior to the development of symptoms or fundus abnormalities. Although drug cessation, partly due to long half-life of the drug, does not always arrest progression of toxicity, it can limit the extent of structural and functional deficits and reduce the risk of irreversible visual loss. 60 One study identified improvement of visual function in HCQ retinopathy following drug cessation, but no improvement in structural parameters. 61 A key recent finding was the identification of variable distributions of disease in HCQ/CQ retinopathy on the basis of race. 62 Patients of European descent exhibit a classic parafoveal pattern (2-6 degrees from the fovea) of structural and functional deficits, were more likely to manifest an extramacular or pericentral (more than 8 degrees from the fovea) pattern of disease in the early stages with structural and functional abnormalities identified near the vascular arcades. 62 Pericentral HCQ retinopathy was seen in 50% of Asian patients in this series, but only 2% of Caucasian patients. 62 Black and Hispanic patients demonstrated a predominantly parafoveal distribution of disease, although the pericentral distribution or mixed distribution of disease in these two racial groups was seen slightly more often than in Caucasian subjects. 62 The reason for the different disease phenotype in these different ethnic groups is unclear, but not thought to be related to ocular pigmentation alone. 62 This distinction is clinically noteworthy: Asian patients undergoing screening for HCQ retinopathy will require wider field structural (wide-field or off-axis SD-OCT and AF imaging) and functional investigation (24-2 or 30-2 visual field rather than 10-2) than Caucasian patients (Figure 1) .
HCQ is associated with the development of vortex keratopathy or corneal verticillata, which can rarely result in visual disturbance. This change is entirely reversible on drug cessation, and is reported to be more common with CQ than HCQ. It bears no direct relevance to the severity of retinal disease.
Screening and monitoring in HCQ/CQ patients
Baseline screening
Baseline screening is suggested by the AAO guidelines of 2011 and 2016 within one year of starting HCQ/CQ, and by the manufacturers before starting HCQ in order to exclude pre-existing maculopathies, with visual fields and SD-OCT recommended at baseline in the 2016 criteria if any abnormalities are found. RCOphth do not recommend baseline screening, unless there are visual symptoms when HCQ/CQ is started, or if the patient has been referred by an Optometrist. There is no specific Figure 1 Suggested algorithm for the sequence of diagnostic tests performed during screening for HCQ/CQ retinopathy. guidance about the tests that Optometrists in this context should undertake (visual acuity, fundus examination, visual field examination etc.) Advice and practice differs in different centres. If the patient is referred for an Ophthalmic review, functional and image based screening is undertaken. Table 2 compares screening protocols, including what is suggested as a baseline assessment.
Ongoing monitoring/ screening
Ongoing monitoring or screening refers to continued, usually annual surveillance of an individual taking HCQ who is considered to be at risk of retinopathy in which a pre-designated protocol of investigations are undertaken. Table 2 highlights the differences between screening schedules for HCQ retinopathy. It is important that patients are aware that monitoring for HCQ retinopathy cannot prevent the occurrence of retinopathy but timely cessation of therapy at the earliest sign of any potential damage is expected to help limit either development or progression of loss of visual function. Patients taking HCQ/CQ must be informed about the risk of retinopathy by the prescribing physician, and the proposed schedule for baseline screening and ongoing monitoring for that individual taking into consideration their specific ocular and systemic risk factors. This should be in accordance with the most recent evidence and their current ocular and systemic status, which should be reviewed if there are changes in health and medication. 25, 28 More recent guidelines have favoured objective testing where possible (SD-OCT, AF, mfERG), 25 although subjective testing (visual field analysis) remains of great value; data suggest that subtle scotomata on 10-2 visual fields may be evident before structural changes are evident on SD-OCT (Figure 1 ). Guidelines suggest that at least one objective test should confirm findings on subjective testing before a diagnosis of HCQ retinopathy is made. Amsler grid testing, colour vision testing, fluorescein angiography, full-field ERG, time domain OCT and fundus photography have been removed from recommended protocols for screening as they are not considered sufficiently sensitive or specific to detect early disease. 25 There are new technologies that may provide more sensitive objective structural (adaptive optics imaging), and functional (microperimetry) evaluation although these are essentially research tools at this time and not widely available, nor validated for screening purposes.
Visual field testing: subjective, functional evaluation Automated threshold visual field analysis has become a key tool in the evaluation of patients at risk of HCQ retinopathy. Visual field analysis remains the most sensitive subjective investigation for the diagnosis of this disorder. The interpretation of scotomata may be challenging: whilst isolated points of reduction in sensitivity might be considered insignificant and more suggestive of patients without HCQ retinopathy, 63 they may also represent the earliest evidence of HCQ retinopathy. 25 Repeating visual field testing in this patient group is advisable. Contiguous scotoma points, and those identified in an annular zone between 2 and 8 degrees from fixation were found to be more likely to represent HCQ retinopathy in one study, with white targets considered more discriminating than red. 63, 64 Parafoveal scotomata are typical of HCQ retinopathy: superonasal scotomata are the most common abnormality as the inferotemporal paramacular region is often affected first. However, this observation is not absolute. 25 Recent data have suggested that Asian patients should receive 30-2 or 24-2 visual field testing rather than 10-2, as wider-field visual field analysis is more likely to detect extramacular disease. 62 Any central scotoma in 24-2 or 30-2 field testing should be taken seriously and further clarified with 10-2 visual fields. Any persistent or convincing scotoma should prompt evaluation by SD-OCT, AF or mfERG, with the mfERG particularly helpful where SD-OCT and AF do not detect objective evidence of HCQ toxicity suspected from visual field testing (Figure 1 ).
Spectral-domain optical coherence tomography: objective, structural evaluation
Spectral-domain OCT (SD-OCT) is a widely available technology that permits objective, structural evaluation of the macula in patients at risk of HCQ retinopathy. Typical findings of HCQ retinopathy on SD-OCT are parafoveal abnormalities of the outer segment, particularly thinning or loss of the photoreceptor layer, outer nuclear layer and/or ellipsoid zone (inner segment/ outer segment junction), and retinal pigment epithelium. 65 These signs are considered strongly suggestive of HCQ toxicity. Focal disruption of outer segment structures is a typical finding of HCQ retinopathy, rather than widespread, progressive thinning. Asian eyes may manifest an extra-macular pattern of disease with SD-OCT abnormalities identified towards or beyond the vascular arcades: wide-field SD-OCT may be necessary for screening in this patient group. 62 The inner retina did not demonstrate any abnormalities in early disease, in a study comparing SD-OCT images in both short term (o5 years) and long term (415 years) users prior to the development of retinopathy. 66 This is true both before and after drug cessation, 39 although high cumulative doses may cause thinning of the ganglion cell/inner plexiform thickness. 67 SD-OCT abnormalities persist on imaging after the cessation of HCQ/CQ, despite evidence of some visual field recovery. 68 Fundus auto-fluorescence: objective, structural evaluation Fundus autofluorescence (AF) using blue light of 488 nm wavelength, exploits the fluorescent property of lipofuscin within the retinal pigment epithelium (RPE). AF has been demonstrated to detect HCQ retinopathy, although was found to be less sensitive than mfERG. 69 A parafoveal increased autofluorescence signal is detected in the early stages of disease, with mottled decrease in parafoveal autofluorescence as RPE degeneration becomes established in later stages of disease. 69 AF may identify a sub-clinical bulls-eye maculopathy in patients with HCQ who demonstrate only fine RPE changes on fundoscopic examination, 70 although modern screening techniques should identify HCQ before this stage. 71 The wider, diffuse parafoveal autofluorescence signal seen in early disease is subtle, 71 and quantitative autofluorescence may increase the objectivity of this early feature. Increased signal on AF may precede SD-OCT features in this disorder. 38 Widefield AF is required in Asian patients with suspected HCQ retinopathy to detect extramacular disease. 62 
Multi-focal electroretinography: objective, functional evaluation
Multifocal electroretinography produces a topographic representation of retinal responses and can identify local areas of depressed retinal sensitivity in early HCQ retinopathy. It has in some series been considered the gold standard test for the detection of suspected HCQ retinopathy. 72 Comparing rings of responses about the foveal centre can increase the sensitivity of mfERG in detecting parafoveal disease. Asian patients will require wider-field mfERG for the purposes of screening; those extending to 20 degrees eccentricity in this patient group have been presented. 62 MfERG has gained favour as more informed guidelines have emphasized the value of objective tests (OCT, mfERG, and AF), over subjective ones (visual field analysis). 24, 25 A recent systematic review suggested that mfERG may have the ability to detect HCQ retinopathy earlier than other tests used in HCQ screening (visual field, AF, and OCT; Table 3 ). 73 However, screening guidelines must be practical to promote compliance across ophthalmic units; 25 local access to electrodiagnostic testing is unlikely for the majority of HCQ patients undergoing screening. It is likely that mfERG will be indicated in patients with reproducible, suggestive visual field abnormalities in whom SD-OCT/AF imaging is unremarkable to establish objective evidence of HCQ retinopathy (Figure 1 ). Referral to a regional unit may be required to provide reliable electrodiagnostic testing in accordance with International Society for the Clinical Electrophysiology of Vision standards, which may involve visual evoked potentials, pattern and full-field electroretinography in addition to mfERG.
Whether to implement a monitoring programme for all patients on HCQ Screening for HCQ/CQ retinopathy has been advocated by the American Academy of Ophthalmology (AAO) since 2002. [23] [24] [25] 74 In the United Kingdom, the Royal College of Ophthalmologists, the British Society of Rheumatology and British Association of Dermatologists published joint guidelines in 2009 (updated from 1998 and 2004), prior to the revised AAO guidelines in 2011 and 2016. 22 The United Kingdom guidelines advise against routine screening for HCQ toxicity. 22 The panel's opinion was that the screening criteria were not met: in particular that the occurrence of 'clinically significant maculopathy was very rare' and that there is no reliable test for detecting it at a reversible stage. 22 Under these guidelines, referral to an Ophthalmologist is recommended only when visual symptoms develop and are not correctable by an Optometrist. HCQ/CQ retinopathy is now considered far more common (overall prevalence of 7.5% of those patients taking the drug for 5 years or more, increasing to 20-50% after 20 years of therapy) 28 than previous epidemiological studies suggested. These data suggest HCQ/CQ retinopathy is a significant public health problem. In addition, diagnostic tools required to detect HCQ/CQ retinopathy at an early stage are now widely available (SD-OCT, visual field testing, AF), and are proven to detect HCQ/CQ toxicity before the onset of symptoms and fundus abnormalities are visible. 24, 25 We strongly recommend that these guidelines are reviewed and the advice against ongoing screening (monitoring) for HCQ/CQ retinopathy is updated to advise regular monitoring. The form that this should take needs to be the subject of revised guidelines. 
Screening schedule
Most screening guidelines recommend screening for HCQ/CQ retinopathy after 5 years of drug therapy (Table 2 ) with annual screening. Baseline evaluation, in some form, is widely recommended to identify those with pre-existing maculopathy and to establish baseline measures from which to identify change. In patients with unusual risk factors, screening may be indicated before 5 years (Table 2) . 25 The duration of screening is not specified by most guidelines but is likely to be required indefinitely, particularly as new data suggest prevalence of toxicity in those with greater than 20 years of therapy to be as high as 20-50%. 28 Screening Protocol: How to screen/monitor
Screening/Monitoring for HCQ should use diagnostic instruments that are widely available with easily interpretable images to ensure compliance with screening guidelines. Visual field analysis (10-2, 24-2 or 30-2 as appropriate), and SD-OCT are widely available and the consensus is emerging that they should, in combination, be performed on every patient presenting for HCQ screening. One study identified ring scotomata on visual field testing with normal SD-OCT appearance was present in 10% of patients; conversely, all patients with SD-OCT abnormalities had scotomata on visual field testing thus suggesting that visual field testing is a sensitive test to elicit early signs of toxicity. 75 Fundus autofluorescence (AF) may be a useful additional tool to provide objective, structural evidence of disease that may correlate with findings on SD-OCT imaging and visual field analysis. AF imaging (wide-field AF in Asian patients) should be considered in HCQ patients where available.
Multifocal ERG may provide objective, functional evidence of disease, and may be useful when the diagnosis of HCQ is uncertain: in particular when visual field analysis demonstrates scotomata in the absence of structural evidence on SD-OCT or AF.
The efficacy of screening is dependent on the relative sensitivity and specificity of screening tests used to detect pre-symptomatic disease. One study found the sensitivities of 10-2 HVF, mfERG and SD-OCT in detected HCQ retinopathy were 85.7, 92.9, and 78.6% respectively, with specificities of 92.5, 86.9, and 98.1% (Table 3) . 76 Negative predictive values were greater than 99% for all tests: confident exclusion of retinopathy is possible when a combination of diagnostic tests are negative. However, when isolated tests are positive, they are less useful in predicting disease: the positive predictive value may be as low as 30% for some diagnostic tests (such as 10-2 HVF, mfERG and SD-OCT) in HCQ/CQ retinopathy. 76 Figure 1 presents a suggested algorithm for the interpretation of diagnostic tests in patients with HCQ/ CQ who are referred for screening.
Cost of screening
The economic cost of providing HCQ screening in any country will depend on the number of individuals in the population, the total number of individuals taking HCQ, and the prevalence of risk factors for screening within that population of HCQ users. Screening may involve at least an annual ophthalmological assessment for patients taking HCQ/CQ and may be indefinite whilst the patient remains on the drug. 25 HCQ screening may require additional outpatient capacity for diagnostic tests, and training on their interpretation: this may take place in virtual clinics in which the tests are performed by technicians and interpreted by those trained to do so. MfERG will usually need a referral to a regional unit if required. If the decision to institute screening for HCQ is established, a full economic evaluation will be required on a national level to determine if screening for HCQ is costeffective.
When reviewing the need to implement screening for HCQ/CQ retinopathy, the potential drawbacks should be considered. It may cause harm: anxiety to patient groups potentially at risk of retinopathy; and false positive results may lead to inappropriately stopping HCQ -an effective drug with a demonstrated survival benefit. It is likely that incidental ocular co-pathology will be detected through any screening programme and require further investigation and/or treatment.
Adherence to screening
Adherence to published guidelines on HCQ/CQ retinopathy screening is challenging. One study determined that only 54.8% of patients received appropriate evaluation in a US cohort, when audited against the recommendations of the AAO (this study was published in 2015, 4 years after the updated AAO guidelines, published 2011). In this study, 25.7% received fewer than the recommended investigations; SD-OCT and 10-2 visual field testing were often performed, but AF and mfERG often omitted. 77 Should a screening programme for HCQ retinopathy be instituted, additional administrative support and regional organisation, similar to that used to organise retinal screening for patients with diabetes in the UK, may be required to introduce quality control into the process of screening: ensuring patients are assessed, and recalled when required. The caring physician -either Rheumatologist or General Practitioner -and patients on HCQ will need to be aware of the schedule for screening so that patients requiring screening receive it.
Management
There is no currently proven effective treatment for visual restoration in patients with HCQ/CQ retinopathy. Management centres around identification of definite HCQ/CQ retinopathy, drug cessation in consultation with a rheumatologist and visual rehabilitation as required.
Hydroxychloroquine drug cessation
The decision to stop HCQ/CQ therapy will depend on the certainty of toxic retinopathy: the definitions of 'possible', 'likely', and 'definite' HCQ/CQ retinopathy would be helpful in guiding discussions with patient and Rheumatologist about whether drug cessation with a switch to alternative treatment is recommended, or HCQ/CQ continued while further testing is awaited. 24 Given the long half-life of HCQ/CQ 12 , systemic clearance is delayed for months after drug cessation, and some degree of ongoing toxicity is likely to continue for this period. 78 It has been suggested that the continuing toxic effects following drug cessation are likely to be related to the severity of toxic maculopathy at the time HCQ/CQ was stopped. 25, 59 One longitudinal study evaluated visual acuity, SD-OCT imaging data and mfERG of patients on HCQ, and 6 months following drug cessation finding improved visual acuity and mfERG responses, but not OCT appearances. 61 A further study evaluating only SD-OCT imaging characteristics before and for 4 years after drug cessation in 11 patients with HCQ retinopathy found that if HCQ is stopped before RPE damage, progression of disease on SD-OCT is limited to the first year and diffuse in distribution without parafoveal localisation. 39 There is some evidence that preservation of the external limiting membrane is a favourable prognostic sign in HCQ retinopathy. 78 
Role of the Rheumatologist
The clinical decision to initiate or stop treatment with HCQ, or to change the treatment dose is likely to be made by a Rheumatologist. It is important that Rheumatologists are aware of the updated evidence that ABW (less than 5.0 mg/kg of ABW/day) should be prescribed to patients as current best practice, and is more strongly correlated with retinal toxicity than IBW when prescribing HCQ. 25, 28 Similarly, emerging risk factors for HCQ/CQ retinopathy and updated screening schedules (Table 2 ) may prompt screening before 5 years of drug therapy (ie, Tamoxifen use). 25 Rheumatologists are likely to be the most common route of referral of at risk patients taking HCQ who require screening to Ophthalmologists: patients in a US study cared for by a rheumatologist had a greater likelihood of regular eye screening. 79 
Future directions
Prevention of retinal toxicity
The most important means of reducing harm from HCQ/ CQ is accurate dosing based on current data on retinal toxicity using ABW at less than 5.0 mg/kg of ABW/day rather than IBW at a dose of less than 6.5 mg/kg of IBW/ day. However, in certain patients such as those who are obese, very short or very thin, there may be a significant difference between these ABW and IBW dose calculations. 25, 28 Electronic prescribing systems, and more rigorous and universal prescribing protocols for HCQ may prevent cases of retinal toxicity. All prescribing clinicians should ensure dosing is optimised, and rechecked if large changes in weight or renal function occur. One retrospective audit found that of 675 patients treated with HCQ in a single centre, around 46% of males and 56% of females were receiving higher doses of HCQ than recommended. 42 In our audit, approximately 10% of patients were overdosed when ABW was used and 30% when IBW was used to calculate optimal HCQ dose based on conventional dosing recommendations of less than 6.5 mg/kg/day (unpublished data). Accurate dosing of HCQ/CQ may reduce the risk of toxicity on a population level.
Serum hydroxychloroquine monitoring
Serum monitoring of HCQ may be used in patients with renal or hepatic dysfunction who may exhibit variable metabolism or excretion of HCQ, or to differentiate treatment compliance and treatment failure. 80, 81 In some cases, sub-therapeutic serum HCQ concentrations were due to a lower than optimal dose, and higher doses associated with fewer flares in patients in remission. 81 The large, randomized, placebo-controlled clinical trial (PLUS study) with 573 patients with SLE found that although low serum concentration of HCQ was associated with increased disease activity in SLE, it did not translate to disease flares over a 7-month follow-up period. 82 HCQ dosing may therefore reflect a balance between short-term systemic efficacy and long-term ocular safety. Serum HCQ monitoring has not demonstrated any clear role in predicting the risk of retinopathy in any published study.
Objective, structural evaluation: adaptive optics imaging
Adaptive optics (AO) technology permits the evaluation of photoreceptor density and morphology. 83 Interest has been expressed in the potential of this technology to detect very early structural abnormalities in HCQ retinopathy, 25 particularly since the photoreceptor layer is considered the primary site of toxicity. AO technology has identified patch cone mosaic lesions in which cone photoreceptors were either missing or lost with atypical morphology of residual cones in two patients with symptomatic HCQ retinopathy. 84 This structural deficit corresponded to scotomata identified on visual field testing. OCT appearances have been correlated with photoreceptor appearances using AO technology in various maculopathies, 83 and it is suggested that the relationship between outer retinal reflectivity on SD-OCT and photoreceptor density on adaptive optics imaging may be helpful. 85 AO technology may find a role in providing objective structural evidence of disease in the early detection of HCQ retinopathy. A larger series correlating the structural changes on AO technology with functional tools such as mfERG and visual field analysis is required to evaluate the sensitivity and specificity of AO imaging. The limited availability of this technology is likely to exclude it from any screening protocols in the near future, although it may be useful as a research tool in cases of suspected HCQ retinopathy. 86 
Subjective, functional evaluation: Microperimetry
Microperimetry is a technique of visual field testing where light stimuli are projected onto specific points on a subject's retina at which the threshold of retinal sensitivity is established. Reduced overall macular sensitivity on microperimetry was detected in patients taking HCQ versus healthy controls, 87, 88 but no difference in foveal sensitivity was detected in one study. 88 A further study also identified reduced overall macular sensitivity in patients taking HCQ despite normal mfERG, 10-2 visual fields, OCT and AF. 89 The role of microperimetry in HCQ screening is as yet unknown; 90 further studies are required to determine the specificity and sensitivity of microperimetry in suspected HCQ retinopathy, and whether it exceeds that of standard automated visual field testing.
Conclusion
This subject of this review article is chloroquine and HCQ retinopathy and it is clear that with long-term use and in susceptible patients that some patients may develop severe visual loss. What is emerging from the literature over the last few years, and has been incorporated into the latest AAO 2016 guidelines, is that regular monitoring is important when using this extremely useful medication. In addition, those involved in the care of patients taking this drug need to be aware of accurate dosing by using the ABW, and to take particular care in obese, or short individuals. Concomitant medication may have an additive deleterious effect; and that long term use, particularly in the elderly is associated with retinopathy in a significant number of patients. Emerging data have shown a prevalence of HCQ retinopathy of 7.5% in those taking the drug for greater than 5 years long-term HCQ users with between 20 and 50% for those who have taken it over 20 years. 43 The knowledge that tamoxifen use has emerged as a significant risk factor and that there may be variable expression of disease according to race 62 suggests that a review of the RCOphth joint guidelines on HCQ screening should be considered. The AAO guidelines in 2011 suggested a shift towards more objective tests of visual function (SD-OCT, mfERG or AF), in addition to subjective tests (10-2 visual field testing), 24 and the recent updated AAO guidelines (2016) acknowledged that a more realistic protocol might improve compliance within ophthalmic units. 25 Automated visual field testing, together with SD-OCT and AF, should be achievable and practical for most ophthalmic units; those requiring mfERG testing could be referred to a regional centre. Clinical criteria to define possible, likely or definite HCQ toxicity on the basis of diagnostic testing would be helpful for both the general Ophthalmologist to interpret diagnostic results, and to the Rheumatologist to determine whether HCQ cessation is justified, particularly given a proven survival benefit of HCQ therapy has been identified in patients SLE. 2 A national case-finding study evaluating the incidence of HCQ retinopathy would assist greatly in understanding the burden of disease and modelling the cost-effectiveness of any screening programme; there are limitations on the inferences that can be made from cohort studies and across study populations. Ophthalmologists, Rheumatologists and General Practitioners should be aware of the best practice in safe prescribing of HCQ, and any consensus screening criteria to ensure those who require screening for HCQ retinopathy are appropriately referred. Audit of ophthalmic screening practice will be required to ensure that the recommendations for screening are being met. We initiated an audit of our current service as a consequence of identifying 3 patients on long-term HCQ who developed HCQ retinopathy (Latasiewicz et al 91 ) and have implemented change as a consequence of this (unpublished data). Patient education about the risks of visual loss with HCQ or CQ therapy is crucial: risks of visual loss may be minimized, but not altogether eliminated, with regular ophthalmic screening. Original epidemiological data identifying the prevalence of HCQ retinopathy in 7.5% of long-term HCQ users may now suggest a medico-legal imperative to screen those patients considered at high risk of HCQ retinopathy. In addition in this review article we have proposed a practical protocol for screening these patients to detect any sign of HCQ retinopathy as early as possible.
Methodology
We used the following databases and search terms to research this review: MEDLINE/PubMed: 'Hydroxychloroquine retinopathy'; 'Hydroxychloroquine maculopathy'; 'Hydroxychloroquine [title], SLE'; 'Chloroquine retinopathy'; Original research studies; Non-English papers excluded.
